The definition of endophytes ranges from symbiotic to balanced antagonism and/or latent plant pathogens. This indicates a close affiliation between endophytes and pathogens but molecular evidence confirming these relationships are still to be elucidated. We investigated the relationship of endophytic, saprobic and pathogenic Fusarium species as a model genus based on ITS sequences and ITS2 secondary structure analysis. Altogether 212 Fusarium species mostly named in GenBank with ranging lifestyles were used in this study. Species deposited in GenBank were found to be often wrongly named based on sequence comparison as species with the same names were polyphyletic, while differently named species often had the same sequences. Phylogenetic analysis by three different methods (UPGMA, NJ and MP) revealed that similar named species clustered together, but did not form well distinct clades reflective of their lifestyles. Several species were polyphyletic, while several other unrelated species appear to share the same ITS sequences. Since ITS rDNA sequence based phylogeny did not showed distinct relationships, ITS2 consensus secondary structures were used. Endophytes showed close molecular structural affinity with pathogens but structural features of saprobes was very different. Although care must be taken when using sequences from named Fusarium species in GenBank this study provides molecular evidence that endophytes share a close relationship with pathogens and agrees with the assumption that endophytes are latent pathogens.
Introduction
There have been numerous reports on endophytic fungi colonizing various plant hosts and speculation on their functional roles in the environment (Hyde & Soytong 2008 , Albrectsen et al 2010 , Saikkonen et al 2010 . Most definitions regard endophytes as internal plant tissue colonizers that do not cause any disease symptoms. Such a definition implies a symbiotic or mutualistic relationship between the host plant and the endophytic microbe. There have however, been differences in opinion concerning the relationships that exist between the endophyte and their respective host. Strobel (2002) suggested that the relationship can range from borderline pathogenic, to commensalism and to a symbiotic relationship. There are also studies that have explored relationships between endophytes and their roles as saprobes (Hyde et al. 2007 , Promputtha et al. 2007 , Purahong & Hyde 2011 ). There are also many examples showing endophytes to be latent pathogens (Hyde & Soytong 2008) . In fact, several fungal taxa reported as endophytes closely resemble plant pathogenic fungi. Such findings suggest an inherent genomic modulation and adaptability in endophytic fungi. Even though there are hypotheses providing evidence for these transitional forms; molecular level investigations with regard to their different lifestyles are few (Promputtha et al. 2007) . We have attempted to study the relationships between endophytic, saprobic and pathogenic Fusarium species as a model organism based on nuclear Internal Transcribed Spacer (ITS) sequences and RNA secondary structures study.
Fusarium is a highly diverse genus with species exhibiting many different lifestyles (Summerell et al 2010 (Summerell et al , 2011 . They are generally regarded as plant pathogens causing serious diseases (Amata et al 2010) . Some are also reported to cause diseases in humans especially in immuno-compromised patients, while others live as saprobes in the soil and play a role in nutrient recycling. Fusarium species have commonly been isolated as endophytes and reported from various plant hosts (Strobel and Daisy 2003 , Xu et al. 2008 , Deng et al. 2009 ). The existence of Fusarium species occupying different lifestyles is confusing because morphologically they cannot be welldifferentiated. Molecular techniques have often been used to identify Fusarium species (Amata 2010 , Summerell et al 2010 , 2011 , but there is little information on their phylogeny and variations at molecular level considering isolates existing in different forms.
The Internal Transcribed Spacer (ITS) regions of rDNA have commonly been used in species differentiation. They form specific secondary structures which are needed for correct recognition of cleavage sites and provide the binding sites for nucleolar proteins and RNAs during ribosome maturation (Hausner and Xang 2005) . ITS regions that comprised two transcribed intergenic spacers (ITS1 and ITS2) have not only been used for phylogenetic and taxonomic studies of fungi but also for species delimitation and ecological analysis (Pinto et al. 2004; Anderson and Perkin 2007) . The ITS2 region has been found to vary in both primary sequences and secondary structures, so it could be used as possible marker in molecular systematics and phylogenetic reconstruction (Schultz & Wolf 2009) . Several researchers have already demonstrated the potential applications of ITS2 for taxonomic classification and phylogenetic reconstruction at both the genus and species levels for eukaryotes, including animals, plants and fungi (Coleman 2007 , Miao et al. 2008 , Keller et al. 2009 ). Secondary structural data analysis of this region can also improve the phylogenetic resolution to a considerable extent (Keller et al. 2008) . Since structures are more conserved than sequences, the aim of this study was to infer phylogenetic relationships and to address variations among Fusarium spp. having different lifestyles based on ITS sequence and structure analysis.
Materials and Methods

Isolation of the source organisms
Fusarium strains occurring in different habitats were isolated from various sources (Table 1) . Endophytic strains were obtained from their respective hosts by surface sterilization procedure. The technique used for isolation was as follows: Barks samples were immersed sequentially in 70% ethanol for 3 min and 0.5% NaOCl for 1 min and rinsed thoroughly with sterile distilled water. The excess water was dried under laminar airflow chamber. Then, with sterile scalpel, outer tissues were removed and the inner tissues were carefully dissected and placed on Petri-dishes containing Potato Dextrose Agar (PDA) medium and incubated at 25°C. Saprobic strains were obtained by dilution plate method. Soil samples were serially diluted and each dilution was plated on Potato Dextrose Agar medium and incubated at 30°C for week. Pathogenic strains comprised of one plant pathogen and one human pathogen. The plant pathogenic strain was obtained from the experimental farm of Orissa University of Agriculture and Technology, Odisha, India and were isolated from an infected immature coconut. The human pathogenic strain was obtained from the Microbiology Division of Kasturaba Medical Isolation of genomic DNA, PCR amplification and sequencing Total genomic DNA was extracted from mycelia of the fungi using a CTAB method (Cai et al. 2005) . DNA amplification was performed by PCR. The PCR was set up using the following components: 5μL Buffer (10×), 3μL MgCl2 (25mM), 1μL dNTPs (10mM), 1.5μL Taq Polymerase (5U), 1.5μL Forward primer (10μM), 1.5μL Reverse Primer (10μM), 3μL DNA template and 34.7μL distilled water. Initial denaturation was at 95°C for 5 min denaturation, annealing and elongation were done at 95°C for 1min, 52°C for 30 sec and 72°C for 1 min, respectively in 45 cycles. Final extension was at 72°C for 10 min and hold at 4°C. For amplification of ITS-rDNA region ITS4 and ITS5 primers were used according to the method described by White et al. (1990) . The PCR product, spanning approximately 500-600bp was checked on 1% agarose electrophoresis gel. It was then purified using a quick spin column and buffers (washing buffer and elution buffer) according to the manufacturer's protocol (QIA quick gel extraction kit Cat No. 28706). DNA sequencing was performed using the above mentioned primers in an Applied Biosystem 3130xl analyzer.
Taxon sampling
Six Fusarium strains were obtained as isolates. The sequences were annotated and submitted to GenBank. ITS rDNA sequence data from 2437 Fusarium species were also retrieved from GenBank (on 26-12-2010). The sequences were also trimmed for ITS2 using annotation tools based on Hidden Markov Model (Keller et al. 2009 ). The sequences were filter searched and 206 sequences were selected based on their mode of occurrence as endophytes, saprobes and pathogens. Altogether 212 ITS rDNA sequences were considered for phylogenetic analysis and same numbers of ITS2 sequences were used for secondary structure study.
Sequence alignment and phylogenetic analyses
Multiple sequence alignments were performed using CLUSTALW software utilizing default settings. ITS rDNA sequences were used for phylogenetic relationship inferences. Phylogenetic trees were generated by three different methods (UPGMA, NJ and MP) by MEGA 4.0 (Tamura et al. 2007 ). All characters were equally weighted and unordered. Alignment gaps were treated as missing data. The optimal trees with the sum of branch length were 0.47152190 for UPGMA and 0.48761537 for NJ. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap was 500 replicates. The evolutionary distances were computed using the Maximum Composite Likelihood method and are in the units of the number of base substitutions per site. All positions containing gaps and missing data were eliminated from the dataset (complete deletion option). In the MP method, the tree was generated from 344 most parsimonious trees. The consistency index was 0.5828 22, the retention index was 0.979115 and the composite index was 0.570650. The MP tree was obtained using the Close-Neighbor-Interchange algorithm. There were a total of 238 positions in the final dataset, out of which 65 were parsimony informative.
Consensus RNA secondary structures prediction
The ITS2 sequences of Fusarium occurring as endophytes, saprobes and pathogens (plant pathogenic and human pathogenic) were used to generate consensus RNA secondary structures using LocARNA version 1.5.2 (Smith et al. 2010 ). It performed multiple alignments and generated consensus secondary structures of each category using realistic energy model for RNAs. The structures were observed and variations were analyzed amongst different groups.
Results and Discussion
Isolation, identification and retrieval of Fusarium spp.
Six Fusarium strains were isolated from various sources; two strains were endophytic, two were saprobic and one each was a phytopathogen and human pathogen (Table 1 ). All strains were morphologically and microscopically identified as Fusarium species. Species identification of Fusarium using morphological traits has always been a difficult task for mycologists because characteristics like mycelial pigmentation, formation, shape and size of conidia are unstable and highly dependent on composition of media and environmental conditions. Phenotypic variation is abundant and considerable expertise is required to distinguish between closely related species (Nelson 1983) . Therefore molecular characterization was carried out based on ITS rDNA data. The strains were sequenced and species level confirmations were done by BLAST search analysis. Among several molecular techniques, ITS rDNA sequence analysis has been a method of choice for species confirmation because they are conserved regions of the genome and genetically variable and have proven to be very useful for investigating relationships between fungi at all taxonomic levels including genus and species (Bruns et al. 1991) . All the sequences were deposited in GenBank and GenBank index numbers were obtained. In addition, 206 species of Fusarium with ITS2 sequences were retrieved from ITS2 database based on their habitat and locations (Table 2) .
Phylogenetic analyses of Fusarium spp.
A total of 212 ITS rDNA sequences of Fusarium from different lifestyles were obtained as final dataset for phylogenetic study. Sequence analysis of the ITS region of nuclear ribosomal DNA has been widely used for taxonomic placement (Guo et al. 2001 , Wang et al. 2005 ) and phylogenetic diversity of fungi (Tejesvi et al. 2009 ). This region has also been used in taxonomy and phylogeny of Fusarium species (Schroers et al. 2009 ). Phylogenetic trees were generated by three different methods (UPGMA, NJ and MP) using MEGA 4.0.2 (Tamura et al. 2007 ). All the trees showed that more or less similar species of Fusarium clustered together but did not form distinct clades as per their lifestyles. One of the most parsimonious trees showing evolutionary relationships among Fusarium spp. is shown in Figure 1 . The result also indicated that several species appear to be polyphyletic and several other unrelated species appear to share the same ITS sequences. This may be due to wrongly named species being submitted to GenBank as in other genera (Cai et al. 2009 ). Endophytic, saprobic and pathogenic taxa did not cluster into separate groups even in the case of similarly named species. This was particularly obvious in common species of Fusarium such as F. oxysporum and F. solani. Several workers have however clearly differentiated endophytic and pathogenic fungi by analyzing the ITS regions (Photita et al. 2005 , Wei et al. 2007b ). Such findings do not agree with our result, where consideration of ITS rDNA sequence phylogeny did not elucidate variations among closely related species of Fusarium based on their lifestyles. The ambiguity may be due to consideration of many sequences of Fusarium species which is genetically diverse with different lifestyles or the fact that they are wrongly named in GenBank. There are also significant drawbacks in using the ITS region such as (i) insufficient hypervariability to distinguish the various species in the Fusarium species complexes; (ii) its failure to distinguish between closely related species (sibling species) and (iii) problems with the reliability of the ITS sequences deposited in the reference databases (e.g., GenBank/EMBL/DDBJ) (Nilsson et al. 2006 , Cai et al 2009 . Moreover, primary sequences of ITS regions often contain insertions and deletions (indels) making alignment difficult beyond infraspecific levels (Kruger & Gargas, 2008) . Since consideration of ITS sequence phylogeny did not yield evidence on variation of Fusarium species occupying different lifestyles, ITS2 consensus secondary structures were investigated for observation of discrepancy because structures are more conserved than sequences.
ITS2 secondary structure prediction Consensus secondary structures of four different forms of Fusarium i.e. endophytes, saprobes, phytopathogens and human pathogens were generated and comparison of structures among the diverse forms were studied. Endophytic forms showed close structural similarities with pathogenic forms but structural features of saprobic forms were totally different. The structural similarities of endophytic and pathogenic forms were observed in their longest helices which are arrowed in Figure 2 . However, variations amongst them were seen in their respective junctions, hairpin loops, terminal and internal loops. The ITS2 consensus secondary structure analysis has provided information to conclude that endophytic forms of Fusarium have close affinity with pathogenic forms while sequence based phylogeny did not show this result. Such findings agree with the assumption that endophytes are latent pathogens and close relationships exist between them (Sieber et al. 2007 ). There are numerous examples that endophytes become pathogens, however to our knowledge there is no molecular evidences to support their affinity.
